Objectives To determine the added risk of opioid problem use (OPU) in youth with marijuana/alcohol problem use (MAPU). Methods A total of 475 youth (ages 14-21 years) with OPU + MAPU were compared to a weighted sample of 475 youth with MAPU only (i.e. no OPU) before and after propensity score matching on gender, age, race, level of care and weekly use of marijuana/alcohol. Youth were recruited from 88 drug treatment sites participating in eight Center for Substance Abuse Treatment-funded grants. At treatment intake, participants were administered the Global Appraisal of Individual Need to elicit information on demographic, social, substance, mental health, human immunodeficiency virus (HIV), physical and legal characteristics. Odds ratios with confidence intervals were calculated. Results The added risk of OPU among MAPU youth was associated with greater comorbidity; higher rates of psychiatric symptoms and trauma/victimization; greater needle use and sex-related HIV risk behaviours; and greater physical distress. The OPU + MAPU group was less likely to be African American or other race and more likely to be aged 15-17 years, Caucasian; report weekly drug use at home and among peers; engage in illegal behaviors and be confined longer; have greater substance abuse severity and polydrug use; and use mental health and substance abuse treatment services. Conclusions These findings expand upon the existing literature and highlight the substantial incremental risk of OPU on multiple comorbid areas among treatment-seeking youth. Further evaluation is needed to assess their outcomes following standard drug treatment and to evaluate specialized interventions for this subgroup of severely impaired youth.
INTRODUCTION
During the past decade, past-year prevalence of using most substances, including marijuana and alcohol, has either decreased or reached a plateau among US teenagers in schools [1] and in the community [2] . In contrast, use of non-heroin opioids, the second most commonly used illicit drug among youth, has almost doubled during this period (5-9%) [1] . It has been shown that teen opioid users develop abuse and/or dependence within months of weekly or greater (i.e. regular) use [3] and at a faster rate when compared to adult-onset opioid use [4] . Correspondingly, there has been a 10-fold increase in teenage admissions to publicly funded substance abuse treatment programs for non-heroin opioid use problems (0.2-2.2%) [2] . Therefore, problem use of opioids among youth has important implications for public health, with a heightened risk for overdose, mortality, human immunodeficiency virus (HIV)/hepatitis C virus (HCV) infections from injection use and associations with a criminal life-style [5] [6] [7] .
In contrast to a more extensive body of literature characterizing the typical youth with cannabis and/or alcohol use problems, often drawn from large samples, studies characterizing treatment-seeking youth with opioid use problems have examined smaller samples and are only just emerging [3, [8] [9] [10] [11] [12] . These studies have consistently described users/abusers as being predominantly Caucasian, male and older teens who present with poor academic involvement, legal problems and polysubstance use; and who are at high risk for HIV/HCV infection secondary to injection drug use (IDU) and unprotected sexual behaviors. However, all (except for Woody et al. [8] ) were single-site studies and most were recruited from residential settings [3, [9] [10] [11] . Two of these studies compared opioid-using/dependent youth to non-opioid-using youth entering treatment. Clemmey et al. [10] compared 44 heroin-users [with or without other substance use disorders (SUD)] to non-heroin substance-abusing youth (n = 109) using the Global Appraisal of Individual Needs (GAIN). They found that the heroin users reported consistently more baseline problems across multiple domains, including symptoms of psychiatric disorders, and that they had worse outcomes post-residential treatment. In a separate study, Subramaniam et al. [3] compared 94 adolescents with an opioid use disorder (OUD, 53-57% of whom also had a current cannabis and/or alcohol use disorder) to 72 teens with non-opioid cannabis/alcohol use disorders. They showed that while adolescents with an OUD were more likely to have academic, multiple substance use, depressive and needle-use HIV risk problems, they were no different from the cannabis/alcohol use disorder group with regard to high rates of psychiatric, legal and sexual risk behaviors. A limit of this study was that co-occurring psychiatric problems were often placement criteria for the residential treatment program, and may explain why this study did not observe any difference on them. While these prior studies have made valuable contributions to our knowledge of youth with OUD and shed some light on how they differ from non-opioid-abusing youth, generalizability was limited by the use of single-site data and/or entire or predominantly residential samples and, in most cases, small samples. What is needed is a description of a larger and more diverse treatment sample of youth in order to evaluate the added risks of problem use of opioids in youth.
This paper examines the incremental risk of opioid problem use (OPU) in a treatment-seeking sample of youth (e.g. adolescents and young adults) with OPU plus marijuana and/or alcohol problem use (MAPU) when compared to those with those with MAPU only (the modal profile in treatment [2, 13] ). We anticipate that having OPU in addition to MAPU (i.e. having OPU + MAPU) will be associated with being Caucasian, having poor school performance, engaging in polysubstance use, reporting higher rates of illegal behaviors and HIV/HCV infection-risk behaviours, thereby confirming features that have been reported consistently in single-site studies. In addition, we expect to report new findings: (i) higher rates of co-occurring psychiatric problems due probably to affective distress states associated with opioid withdrawal [14, 15] and demoralization from a life-style of high rates of crime and opioid dependence [3] ; (ii) determine if rates of victimization/trauma and physical distress are higher among opioid problem users compared to those without, as opioids are analgesics and this choice may represent self-medication of emotional and/or physically painful conditions; and (iii) describe treatment utilization rates in this population, which may provide information on mechanisms for early identification and improving abstinence outcomes. Results of this study will extend the literature by including a large sample of participants entering either outpatient or residential substance use disorder (SUD) treatment across the United States. These results will better inform targeted treatment planning and the appropriate allocation of program resources for OPU youth.
METHODS

Data source
Intake assessments from participants aged 11-21 years entering treatment for SUDs were pooled together from 88 sites participating in eight Centers for Substance Abuse Treatment (CSAT)-funded demonstration projects [Strengthening Communities-Youth (SCY), Adolescent Residential Treatment (ART), Effective Adolescent Treatment (EAT), Targeted Capacity Expansion (TCE, including TCE/HIV), Assertive Adolescent Family Treatment (AAFT), Young Offender Reentry Program (YORP), Drug Court (DC), Adolescent Treatment Models (ATM)] that recruited youth participants from January 1999 to August 2007 [13, 16, 17] . The data were pooled and de-identified for secondary analyses here under the terms of data-sharing agreements and the supervision of Chestnut Health System's Institutional Review Board. A common feature in all studies is that all participants were administered the Global Appraisal of Individual Needs-Intake assessment (GAIN-I) [18] .
Inclusion and exclusion criteria
To be included in this study, participants had to: (a) be between ages 11 and 21 years; (b) meet past-year Diagnostic and Statistical Manual of Mental Disorders, 4th edn (DSM-IV) symptom criteria for cannabis or alcohol use disorders (dependence or abuse) or self-report weekly or more frequent use of cannabis or alcohol in either the 90 days prior to treatment enrollment or (if coming from a controlled environment such as detention or residential treatment) in the last 90 days they were in the community prior to the confinement; and (c) have entered adolescent or young adult treatment settings. The use of both categorical criteria for DSM abuse/dependence and a dimensional severity criteria of weekly use or greater, as used in previous studies [19] , ensures that the groups represent typical youth entering community-based treatments for problems associated with substance use [2] . Of the 12 951 youth in the original data set, 11 201 (71%) met these inclusion criteria. To focus the contrast upon those with and without problem opioid use (dependence, abuse or weekly use), we excluded another 3771 (13% of 12 951) who had used opioids infrequently one or more times in the past year, but did not meet the preceding threshold of problem use because they denied problems associated with opioid use. This left a final data set of 7430 participants who could be classified into one of the two study groups, described below.
Definition of study groups
Opioid problem use (OPU + MAPU) group
Participants in this group either met DSM-IV criteria for opioid dependence (24%) or abuse (38%) and/or selfreported weekly or more frequent use of opioids in the past 90 days controlled for confinement (80%) plus marijuana and/or alcohol problem use (i.e. dependence, abuse or weekly use, MAPU). As per the inclusion and exclusion criteria described above, by definition this group also had a marijuana and/or alcohol problem. A total of 513 (7%) participants were identified with OPU + MAPU.
Marijuana and/or alcohol problem use (MAPU)-only group
The remaining 6917 (93%) participants had a marijuana and/or alcohol problem [met DSM-IV criteria for dependence (29%) or abuse (47%) and/or weekly use of marijuana and/or alcohol (91%)], but did not meet the above criteria for opioid problem use. As per above, this group was also limited to those with 'no' past-year opioid use.
Matching via propensity score weighting
To help control for spurious findings and create a more rigorous comparison, two samples were analysed both with and without matching based on propensity score weighting [20, 21] . The propensity score was calculated using logistic regression to predict being in the OPU + MAPU group or not as a function of core demographics (gender, race, age); substance use severity (dichotomous measures or weekly cannabis and alcohol use versus <weekly use); level of care (out-patient versus residential); and whether the site had a high concentration of opioid users (15 or more in the site versus < 15 in the site). The weight for the MAPU group was then calculated as the propensity score times the sample size of the OPU group with valid responses on all propensity variables (93%) over the sum of the MAPU weights. Adding the latter (a constant) does not affect the match, but creates equal sample sizes per group and creates a slightly more conservative test. OPU + MAPU youth were assigned a weight of 1, and thus do not change regardless of whether the analysis is unmatched or matched. The final weighted equal-sized groups contained 475 participants each.
Assessment
Data were obtained from the Global Appraisal of Individual Needs-Intake (GAIN-I) [18] , which was administered by trained interviewers at treatment intake. The GAIN is a standardized, comprehensive structured interview used widely in adolescent and young adult substance abuse treatment research and takes 1-2 hours to administer. It consists of eight main sections: demographics/background, substance use, physical health, risk behaviors, mental health, environment risk, legal involvement and academic/vocational issues. For this study, responses to individual questions and a few composite GAIN scales were selected to provide life-time, past-year and/or past 90-day information on several clinical characteristics reported in the literature (see introduction). Additional details of the GAIN, including its psychometric properties, are available at http:// www.chestnut.org/li/gain. The following is a description of clinical characteristics examined in this study that were derived from select GAIN scales.
SUD diagnosis.
Responses to questions on the GAIN's Substance Problem Scale (which includes seven dependence symptoms, four abuse symptoms, two symptoms of substance-induced disorders and three screener items, including weekly use) which can be used as a dimensional measure of severity or to categorize participants based on whether they met past-year DSM-IV criteria for dependence or abuse or weekly use. This could be conducted overall or for each substance in DSM-IV. Those who either met criteria for dependence or abuse or weekly use were combined to create the OPU and MAPU groupings.
Internalizing psychiatric disorders.
Responses to the Internal Mental Distress Scale in the mental health section of the GAIN were dichotomized to yield information on whether or not participants met past-year DSM-IV symptom criteria for any of the internalizing disorders. For this study they consist of major depressive disorder (MDD), generalized anxiety disorder (GAD) and traumatic stress disorder [18, 22] .
Externalizing psychiatric disorders. Responses to the Behavioral Complexity Scale in the mental health section of the GAIN were dichotomized to yield information on whether or not participants met past-year DSM-IV symptom criteria for any of the externalizing disorders, attention deficit/hyperactivity disorder (ADHD) and conduct disorder (CD) [18, 22] .
Victimization. Responses reporting physical, emotional or sexual abuse were counted for occurring ever (life-time) or in the past year. Responses from the 15-item General Victimization Scale (GVS) in the environment section of the GAIN were categorized as having moderate to high levels of victimization for participant scores of 4 or more. Moderate/high levels on GVS correlate with high mental distress and reported traumatic distress [23] . Current worry about victimization includes any concern that physical, emotional or sexual abuse might occur.
HIV risk behaviors.
Needle risk: those scoring 1 or more on the nine-item Needle Problem Scale are considered to have moderate/high needle risk in the past year [18, 24] . Because needle use is so infrequent, any problems related to use were considered moderate or high risk. Sexual risk: those scoring 2 or more on the 12-item Sexual Risk Scale were considered to have moderate/high sexual risk in the past year [24] .
Physical distress. Participants scoring 0.14 or higher on the proportional 14-item Health Problem Scale (HPS) were considered to have moderate/high levels of health problems (e.g. weekly or more frequent days with health problem, health problems keeping them from meeting responsibilities at home, school or work, etc.) in the past year [18] . The HPS was designed to be comparable to the Addiction Severity Index (ASI) medical scale. Those who also reported poor health were included under any physical distress or health problem.
Treatment utilization. Rates of past SUD and mental health treatment utilization were calculated for reports of receiving any of the four following treatments: any emergency room visits; nights at a hospital; night at residential treatment; or out-patient office visits.
Statistical analyses
Propensity score weighting was used for all analyses (see above) to control for demographics, level of care, frequency of marijuana and alcohol use and concentration of opioid users in the site. For each dependent variable, the odds ratio (OR) with 95% confidence intervals (CI) were calculated to represent the likelihood that the 'variable of interest' was associated with having OPU. Given the large sample sizes even small ORs can be statistically significant, so we have focused the narrative upon those that may also be clinically significant (i.e. only OR Ն 1.20 or O.R. Յ 0.8) [25] . All analyses were conducted in SPSS version 14.0.2 [26] . Table 1 compares the OPU + MAPU group with the unweighted and weighted MAPU groups. The unweighted group is presented primarily as a reference to the literature (which has focused largely upon whether there were any differences), while the weighted comparison looks at the difference after matching on substance use severity, level of care and program, and is the focus of this paper. Even after matching, the OPU + MAPU group was significantly less likely than the weighted MAPU group to be African American or other race and significantly more likely to be Caucasian, aged 15-17, have weekly alcohol/drug use in their home or among their social peers, to be employed, to have been in a controlled environment and to score higher on each of the measures of crime and violence. Table 2 shows that the two groups were significantly different on the majority of substance use characteristics. The OPU + MAPU group compared to the weighted MAPU group initiated substance use at an earlier age (i.e. prior to age 10) and were less likely to initiate use between ages 15-17 years (average age: 11.7 versus 12.6 years, P = 0.00, data not shown in table). They were also more likely to have used substances for 5 or more years, while the MAPU group was more likely to report 1-2 years of substance use. The OPU + MAPU group was more likely than the MAPU group to report weekly use of tobacco, crack/cocaine and other substances. (Note that weekly cannabis and alcohol use were not significantly different between the groups, because they were matched intentionally on these.) The OPU + MAPU group was also more likely to meet past-year any substance dependence diagnosis (excluding nicotine). They were also more likely to meet past-year SUD diagnosis for any substance, cocaine, amphetamines and other drugs (hallucinogens, inhalants, phencyclidine (PCP), sedatives and other substances such as over-the-counter (OTC) medications, nitrous oxide, steroids, etc.); and more likely to meet criteria for three or more SUD diagnoses. They also reported higher rates with life-time and any past-week withdrawal symptoms. Within the OPU group 6% reported heroin only, 67% used prescription opioids only, 16% used both types of opioids and 10% reported no opioid use in the past 90 days prior to intake/confinement (but met criteria for past-year opioid abuse or dependence). Sixteen per cent of the OPU group reported using heroin at least weekly, while 64% reported using prescription opioids at this frequency (by definition, 0% used opioids in the MAPU group). Twenty-four per cent of the OPU group met criteria for past-year opioid dependence diagnosis and 17% for past-year opioid abuse diagnosis (data not shown in Table 2 ).
RESULTS
Demographic, environmental, academic/vocational and illegal activity characteristics
Substance use characteristics
Substance treatment characteristics
Even after propensity score matching, the OPU + MAPU group was more likely than the weighted MAPU group to be treated in a post-residential continuing care setting. The OPU + MAPU group was also more likely to perceive both having an alcohol/substance problem and the need for any treatment; to have utilized any SUD treatment in the past; and to report multiple (i.e. two or more) prior treatment episodes. Table 3 shows that the OPU + MAPU group was more likely to endorse multiple problems on mental health, HIV risk and physical health domains. The OPU + MAPU group was more likely than the weighted MAPU group to meet symptom criteria for any past-year any psychiatric disorder, internalizing disorder or externalizing disorder, or both disorders; each of the individual internalizing and externalizing disorders; and high levels of victimization. Correspondingly, the OPU + MAPU group was also more likely to endorse higher rates of past mental health treatment utilization. Needle-use and sexual HIV risk behaviors were more prevalent in the OPU + MAPU group, as were moderate to severe physical health problems. While the OPU + MAPU group was more likely than the unweighted MAPU group to have been pregnant, the weighted comparison lost significance. Figure 1 illustrates by group the count of 11 past-year problems endorsed in Tables 1-3 , including cannabis use disorder, alcohol use disorder, cocaine use disorder, amphetamine use disorder, other substance use disorder, any internalizing disorder, any externalizing disorder, physical sexual or emotional victimization, needle-use risk, moderate/high sexual risk and moderate/high health problem. The OPU + MAPU group endorsed significantly more comorbid conditions [5.1 compared to 3.4, F = 9.3(948), P = 0.002]. As seen in Fig. 1, 54% of the MAPU group reported three or fewer problems, 26% reported five or more problems and none reported nine or more problems. By comparison, 24% of the OPU + MAPU group reported three or fewer problems, and more than 55% reported five or more problems. Thus, while comorbidity is ubiquitous and distributions overlap, the OPU group has more problems.
Other comorbid conditions: mental health, HIV risk and physical health problems
DISCUSSION
This is the first study we know of that has evaluated the added risk of opioid problem use with marijuana/ alcohol problem use among youth entering SUD treatment across multiple out-patient and residential sites in the United States. The majority of the results confirmed findings from existing single-site studies of teen users of heroin [9, 10] or those with opioid dependence/abuse [3, 8, 11, 12] . Overall, this study found that having OPU was associated with higher rates of problems on virtually all the psychosocial and clinical domains examined, with very few risk associations losing significance when comparisons were made to the weight-adjusted MAPU group. The OPU + MAPU group was more likely than the weighted MAPU group to have multiple (on average, five) clinically comorbid conditions. The OPU + MAPU group was less likely to be African American or other race and more likely than the weighted MAPU group to be older teens, i.e. aged 15-17 years, Caucasian, report longer duration of substance use, have higher rates of SUD diagnoses (except for cannabis use disorder by design), have greater psychiatric symptom severity, report higher levels of victimization and HIV risk behaviors (sexual risk and needle-use) and engage in higher rates of illegal behaviors.
This study showed that the added risk of OPU was associated with higher rates of each of the internalizing and/or externalizing psychiatric disorders examined, which is in contrast to findings of no such group differences in psychiatric disorders in a recent study [3] comparing OUD with non-OUD youth with cannabis/alcohol use disorders. This finding is due most probably to this study's low proportion of residential patients (32%), where psychiatric comorbidity is an admission criterion. The novel findings of higher rates of life-time and recent victimization may be conceived of either as a consequence of dependence on opioids exposing these youth to situations associated with greater risk for trauma/ victimization (e.g. intoxication, selling drugs, trading drugs for sex or money); or as an attempt to self-medicate via psychological disassociation from psychological pain or seeking relief from physical pain (with opioids with established analgesic properties); or both. This assumption is supported by study results showing that having OPU was more likely to be associated with physical distress.
Additional new findings from the study include that 64% of the OPU + MAPU youth were using prescription opioids (in comparison with 16% reporting heroin use) and that the added risk of OPU was associated with higher levels of homelessness and regular substance use by family members and peers. These findings suggest exposure to and/or modeling of deviant behaviors similar to findings reported previously by Nurco et al. [27] . The OPU + MAPU group was also more likely to be confined and spend long periods in confinement prior to the current episode of treatment, indicating higher severity of substance and legal problems. Homelessness may be conceived of either as an antecedent or a consequence of their protracted substance use careers. However, a causal analysis of early-onset drug use associated problems and opioid use problems could not be examined in this crosssectional study and warrants future research. The higher rates of confinement may be a consequence of higher rates of criminal activity (e.g. driving under the influence, trading sex for drugs/money, drug-dealing); or alternatively, suggest a more effective referral process for residential treatment initiated while they were in the juvenile justice system. Another new area of exploration showed that the OPU youth were more likely to have used both mental health and SUD treatment services and to verbalize perceived need for current SUD treatment. It is likely that their prior treatments and current placement at higher-intensity treatment settings may have influenced/primed their motivation to change. The implications of high treatment utilization on cost to society need to be explored in future studies.
Limitations
While corroborating information from collateral informants and the use of urine drug testing may have improved the validity of data, GAIN self-reports have been found to correlate highly with biometric measures of substance use [28] . The GAIN provides only diagnostic impressions, and not 'true' DSM-IV psychiatric diagnoses which may have resulted in either an over-inclusion of participants in each of the psychiatric disorders or underinclusion due do to denial/misreporting. Although we used propensity score to minimize the impact of significant demographic/social/treatment factors on the results, this method is still quasi-experimental and does not guarantee 'true' group differences or account for the influence of high rates of polysubstance use. By not including 13% of the sample who reported infrequent/ non-'problem use' of opioids in our comparisons we were unable to comment on their characteristics, which may have important treatment implications. In this crosssectional study, we were unable to examine causal relationships or outcomes for OP versus MAP users. Although the data were pooled from several treatment sites from across the country, further study using a representative sample of the US population may improve generalizability.
Clinical implications
The substantial added risk and comorbidities associated OPU may be a risk for or a consequence of opioid dependence and associated withdrawal symptoms; high crime; trauma and emotional distress; physical health problems; and needle-use and sexual risk behaviors. These findings highlight the importance of developing specialized and comprehensive treatments plans that integrate interventions that target the associated comorbidities. They also support the need for (i) prevention studies to address environmental and mental health risk factors among these youth; (ii) further exploration of the complex relationships of the various risk factors with structural equation modelling; and (iii) outcome studies to determine the influence of baseline comorbid risk factors such as environmental factors, polysubstance use, multiple 
